Leaders from young open grown trees were longer, of greater diameter, and had thicker bark than leaders from tall white pines and from young shaded white pines. Tall trees were intermediate between the open grown and shaded trees in leader length and diameter but had the thinnest bark. Bark thickness in similar aged portions of laterals increased progressively at higher vertical levels in the trees. In spectrophotometer tests, light transmittance was higher for shoots than for bark from lateral branches and the main stem in both eastern white pine and western white pine (thnus monticola].
Introduction
The principal injury to white pine trees, Pinus strobus, by the white pine weevil, Pissodes strobi (Peck), occurs as a result of larvae and adults feeding at the base of the terminal shoots. The adult weevils puncture the periderm or outer bark, making a pin-sized hole, and excavate the pulpy inner bark and cambium beneath the puncture in the process of feeding. Eggs are deposited into the feeding cavities and the larvae hatch and feed downward, killing two or more years' growth.
Although some workers have reported reduced attack by the white pine weevil in tall trees (Graham 1918; Connola and Wixson 1963) , others have reported findings to the contrary (Plummer and Pillsbury 1929;  Contribution No. 562, Natural Resources Institute, University of Maryland. Ostrander 1957) . In one Maryland location, Harman (1971) observed weevil attack in trees 40-75 ft tall and found the leaders in tall trees capable of producing weevil broods comparable in size to those infesting smaller trees.
The physical and chemical characteristics of individual white pines have been shown to influence their susceptibility to attack by the white pine weevil. Kreibel (1954) , Sullivan (1961) , and others have reported that weevils prefer thicker barked leaders over those with thinner bark. Stroh and Gerhold (1965) evaluated 12 different morphological characteristics of leaders in regard to feeding preferences of the white pine weevil and found bark thickness, depth of inside cortical resin ducts, and depth of outside cortical resin ducts to be significantly correlated with weevil feeding. Sullivan (1961) also reported a decrease in susceptibility to attack above an upper limit of leader diameter. Experiments by Anderson and Fisher 30 (1956, 1960) indicated that odors from white pine act as both attractants and repellents to the white pine weevil.
Western white pine (Pinus monticola Douglas) has been shown to be attacked to a lesser degree than eastern white pine (Wright and Gabriel 1959, Heimburger 1963) . Plank and Gerhold (1965) found that western white pine had a greater number of outside cortical resin ducts than eastern white pine. Studies using caged weevils on eastern and western white pine were conducted by Soles, et al. (1970) . They compared numbers of adult emergence holes, numbers of feeding punctures and adult mortality incurred by the caged weevils on both species of pine and found western white pine to be nearly as susceptible to larval damage as eastern white pine. Feeding punctures were more numerous on the western white pine than on the eastern white pine. On the basis of their results, they suggested that the resistance mechanism of western white pine either inhibited weevils from traveling to western white pine or induced them to leave. They suggested that repellent terpene odors from eastern white pine might have been associated with the greater numbers of feeding punctures on western white pine.
Most studies of leader characteristics in relation to weevil attack have been done on small white pines. It was the purpose of this study, therefore, to compare leader and bark characteristics in different aged eastern white pines, including tall trees, and to compare bark in the leaders with that of other positions on eastern and western white pine trees by means of standard chemical tests.
Methods and Materials
The first portion of the study was conducted on eastern white pine only, and consisted of comparisons of physical characteristics for tall (40-75 ft) eastern white pines in a closed stand, and for smaller (12-25 ft) trees growing in both shaded and open conditions. All trees sampled for studies of leader dimensions were naturally seeded. Samples were collected by using a given point and direction in each stand, and sampling each suitable tree approached. Leaders were clipped and taken to the laboratory where measurements were made as shown in Tables 1-3 . Tangential diameter of resin ducts and bark thickness were measured using a binocular microscope and grid. Measurements similar to those taken on the leaders were also taken on "top," "middle," and "bottom" laterals. For the purposes of this study, the "top" position consisted of the top-most lateral, the "middle" position that of the third whorl down from the top, and the "bottom" position, the bottom-most whorl of branches which were not overshadowed by higher branches (Fig. 1) .
The second portion of the investigation was concerned with the properties of bark and resin, and was conducted on both eastern and western white pine. Tests on 3 major growth categories included the following: (1) new shoot growth, (2) bark from laterals taken at the base of new shoots, and (3) bark on the main tree stem. The three major categories were further subdivided for a total of 10 positions, as shown diagramatically in Fig. 1 . Shoots sampled for the study included the main stem terminal and the "top," "middle," and "bottom" lateral shoots. Bark from lateral branches was sampled for "top," "middle," and "bottom" lateral positions as previously described. The samples consisted of a 6-inch section of bark from each lateral, beginning at the base of the terminal shoot and extending inward. Bark from the main stem was also taken from "top," "middle," and "bottom" positions as shown in Fig. 1 . All samples of main stem bark consisted of 6 x 3-inch strips beginning at the base of the respective whorl and extending downward.
Eastern and western white pine were sampled similarly. Trees were 8 to 10 years old and from 7 to 12 feet tall. Ten trees of each species were sampled in Garrett County, Maryland in 1972.
In addition to the sampling of young trees, 5 tall eastern white pines 50-60 feet in height and 12-15 inches DBH were sampled for the second portion of the study as shown in Fig. 1 . Samples from the tall white pine included shoots, bark from laterals, and bark from the main stem. Laterals were sampled from the top-most whorl and from the third whorl from the top. Main stem bark was sampled at the base of the top lateral whorl, the base of the third lateral whorl from the top, and from a "middle" and "bottom" trunk position. The "middle" position was taken 35 feet upward from the ground and "bottom" position was taken at 3 feet from the ground. Different portions of the sampled bark and shoot material were used for calculation of percent of resin and for the chemical tests. To test the percent of resin, fresh bark samples were weighed, ground in methanol, filtered to obtain the extract, and then allowed to evaporate. The resin was then weighed and its percentage by weight of the bark sample was calculated.
For the chemical analyses, bark samples of known weight were pulverized in a Waring blender with known amounts of distilled water (1 g to 40 ml of water), then filtered to obtain the extract. The filtered portions of the bark were blended again in 40 ml of acetone, re-filtered and the acetone extracts collected. Colorimeter tests were run using both acetone and water extracts. Light transmittance by use of a spectrophotometer was measured for resin, pitch, and tar in the acetone extracts. The water extracts were analyzed using the Biuret test for all protein content, the glyoxylic acid test for proteins containing tryptophane as a constituent amino acid, and Benedict's test for reducing sugars as outlined in Mitchell and Taylor (1938) . Tests for pH were also done on the water extract.
Results
The examination of physical characteristics of leaders in the first portion of this study included 55 large white pines taken along 15-Mile Creek in Allegany County, Maryland, and 45 young native white pines (12-25 ft), of which 15 were growing in the open and 20 under the shade of a hardwood canopy. Comparative data for the 3 growth conditions are shown in Tables 1, 2 , and 3. Leader diameter, measured 3 inches below the base of the terminal buds, ranged from 5.9 to 9.9 mm in tall white pines, compared to a range of 12.8 to 15.5 mm for the open grown small white pines, and 2.8 to 6.2 mm for the shaded small white pines. The mean leader diameter for the tall trees was 7.47 mm, compared to 4.39 and 14.77 mm for the shaded and open grown trees, respectively. For the tall, shaded, and open grown trees, respectively, means of leader length were 34.39 cm, 25.45 cm, and 92.53 cm. However, the same relationship did not exist for bark thickness, which averaged 1.03 mm, 1.50 mm, and 2.23 mm for tall, shaded, and open grown trees, respectively.
The relationships between the 3 growth categories of white pine in this study are presented diagramatically in Figs. 2, 3 , and 4. Leader lengths in the tall trees were similar for height classes 40-50, 50-60, and 60-70 feet, averaging 33.83, 32.82, and 34.95 cm, respectively. Resin duct measurements for the 3 growth categories are shown in Tables 1, 2 , and 3. Means of outside cortical resin ducts for tall, shaded, and open grown trees were 0.19 ram, 0.16 mm, and 0.18 ram, respectively. Means for inside cortical resin ducts were 0.35 mm, 0.38 mm, and 0.37 mm, respectively, in the same order as above. Outside cortical resin ducts in tall trees ranged in tangential diameter from 0.12 to 0.31 mm, whereas inside cortical resin ducts ranged from 0.24 to 0.56 mm. In comparison, tangential diameter of outside cortical resin ducts ranged from 0.12 to 0.31 mm in shaded trees, and from 0.12 to 0.27 mm in open grown trees.
Measurements of laterals are presented in Tall trees: 1-terminal shoot; 2 -s h o o t from 3rd lateral whorl; 3 -" t o p " lateral bark; 4 -" 3 r d whorl" lateral bark; 5 -" t o p whorl" main stem bark; 6 "3rd whorl" main stem bark. Table 4 for the open grown trees only, showing differences in dimensions of similar aged portions of laterals between "top," "middle," and "bottom" laterals. Mean dimensions of laterals in "top," "middle," and "bottom" positions are presented in Table 5 . With the exception of numbers of needle fascicles, dimensions were greatest in the "top" position, followed in descending order by the "middle" and "bottom" positions. Mean diameters in all groups of laterals were lower than those of leaders.
In the second portion of the study standard chemical tests were conducted to compare bark and resins at various positions on young plantation eastern and western white pine (h'nus monticola). Data on the chemical tests in eastern and western white pine are presented in Table 6 for all positions tested. Terminal shoots of eastern white pine had highest percent light transmittance in the Benedict's test (reducing sugars), the glyoxylic acid test (for proteins containing tryptophane as a constituent amino acid), and the acetone extract (resin, pitch, and tar), indicating the lower presence of these substances than any of the other shoots, laterals, or bark samples. The Biuret test for all proteins, however, indicated higller light transmittance and thus lesser quantities in the top lateral shoot than in the terminal. Greater light transmittance was recorded for the shoots than proteins) and Benedict's test for reducing sugars, pH, tested only in western white pine, ranged from 3.94 to 4.09 in shoots, and from 4.45 to 4.50 in lateral bark. Percent of resin for the terminal shoot and the "top," "middle," and "bottom" lateral shoots in eastern white pine was 5.0, 6.6, 10.1 and 15.7 percent, respectively, indicating a progressively higher percentage toward the bottom of the trees. Lateral bark reflects a similar trend toward the lower tree portions, with percent of resin at 11.6, 14.1, and 18.0 percent for "top," "middle," and "bottom" laterals, respectively. Percent of resin readings for western white pine were 7.5, 9.5, and 9.5% for "top," "middle," and "bottom" shoots, respectively, and 10.i and 12.4% for "middle" and "bottom" laterals, respectively.
Percent resin was determined for a total of 8 positions in 5 tall eastern white pines, and the following 8 means were obtained: (1) shoots; terminal shoot 17.7%; shoot from lateral of third whorl down 15.7%; (2) lateral bark; topmost lateral 17.3%; third lateral from top 14.6%; (3) main stem bark; base of terminal 14.2%; main stem bark, base of third whorl 14.7%; main stem bark "middle" portion 8.0%; main stem bark "bottom" position 12.7%. 1 Taken at base of lateral terminal shoot (see Fig. 1 ).
Discussion
Leaders from tall white pines have been shown in previous studies to be adequate for the development of substantial broods of white pine weevils (Harman 1971) . Many aspects of weevil ecology in tall white pines remain to be investigated, and such investigations are difficult because of the problems involved in getting materials from the tops of tall trees. In some respects, the conditions that exist in full light above the crown canopy should approximate that of young trees growing in the open. For small trees growing in the shade, the differences are noticeable and are reflected in a lesser degree of attack under shaded conditions, as Fig. 5 . Spectrophotometer tests for eastern and western white pine, comparing shoots, lateral bark, and main stem bark, using Benedict's test for reducing sugars, the Biuret test (all proteins), the glyoxilic acid test (for proteins containing tryptophane as a constituent amino acid), and the acetone extract test for resin, pitch and tar.
Leader and Bark Characteristics in White Pine 3 7 the 3 growth categories. Unexpectedly, this study indicated that shaded leaders measured greater than the leaders from tall trees. Although percent light transmittance readings were comparatively similar for eastern and western white pines, some differences were observed. Greater light transmittance, indicating lesser quantities of the substances involved, were noted for western white pine over eastern white pine in 15 of the 20 tree positions and chemical comparisons which were conducted in this study. Exceptions included both shoots and lateral limbs, and occurred in each of the tests except for the test for resin, pitch, and tar. In the test for resin, pitch, and tar, western white pines indicated greater light transmittance (lesser quantities) in each limb and shoot position. The glyoxylic acid test (for proteins containing tryptophane) also indicated notably greater light transmittance for western white pine in all portions of the trees except the "bottom" lateral shoot.
In conclusion, the present study has pointed to substantial differences in leader and bark characteristics between growth types and portions of the trees in eastern and western white pine. Further studies are required to fully assess these differences.
shown by Graham (1918) and others. Trees growing in shade have obviously less vigorous and thinner leaders than trees in the open, according to Sullivan (1961) . However, Harman and Kulman (1969) observed a lesser occurrence of released weevils in the shade than in the open, despite the existence of an unusual circumstance whereby the largest leader sizes occurred in the shade. In the present study the leaders in the tall trees were intermediate between the young trees in the open and the shaded trees in leader length and leader diameter, and had thinner bark than either the young open grown or shaded trees. In terms of physical dimensions therefore, leaders from the tall white pines were not equal to those of young open grown trees.
Although the small trees from both the open and shaded stands were similar in height, it should not be assumed that they were as nearly similar in age, as many of the shaded trees were considered suppressed. This factor is reflected in the smallest leader length and diameter for
